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ABSTRACT 

Aircraft  will  soon  be  operating  routinely  in  restricted  visibility 
conditions  where  the  visual  range  is  as  low  as  1200  feet.,  which  is  other¬ 
wise  defined  as  Category  II  weather  conditions.  To  determine  candlepower, 
light  distribution,  beam  orientations  and  other  characteristics  required  of 
visiial  aids  (approach  lighting,  touchdown  zone  lighting,  etc.)  for  safe 
landings  in  such  low  visibilities,  a  real  fog  environment  is  needed.  This 
report  describes  a  novel  and  economical  method  of  fog  testing  of  airport 
lighting  fixtiires  and  systems.  A  very  large  chamber  was  constructed  emd  in 
it  real  fog  was  generated,  controlled,  and  measured.  Various  patterns  of 
lights  were  installed  on  the  floor  of  the  chamber,  and  simulated  approaches 
and  landings  were  made  through  the  fog  using  live  observers  in  an  airplane 
cockpit  riding  on  overhead  rails. 

A  total  of  36  experienced  pilots  participated  in  the  tests.  Only 
candlepower  values  and  photometric  distributions  were  varied  during  the 
test  runs,  except  for  a  modification  of  the  pattern  of  the  inner  1000  ft. 
of  approach  lighting  nearest  threshold. 

The  tests  showed  that  -  at  night  -  the  present  visual  aids  could  be 
considered  adequate,  al though  marginal,  for  Category  II  operations.  However, 
a  need  for  better  threshold  lighting  and  more  candlepower  in  the  runway 
centerline  lighting  was  indicated.  During  the  daytime  tests,  where  the 
higher  background  brightness  was  found  to  have  a  profound  influence  on 
requirea  intensities,  it  was  concluded  that:  (l)  the  modified  approach 
pattern  was  more  effective,  (2)  ’^bolder"  threshold  lighting  was  a  necessity, 
(3)  light  output  of  touchdown  zone  lights  should  be  impro’ned,  (4)  runway 
centerline  lights  needed  a  minimum  of  2000  peak  cp,  with  7500  cp  preferred, 
to  make  them  effective  in  bright  daylight  fog  and  (5)  a  definite  need  for 
well  maintained  painted  runway  markings  to  supplement  the  lighting  in  bright 
daylight  fog. 

It  should  be  borne  in  mind  that  the  test  results  in  this  report  are 
subjective.  There  was  no  way  to  neastire  the  pilots'  abilities  to  use  the 
information  received  from  the  visual  aids  to  make  corrections.  Full  scale 
operational  tests  -  based  on  these  fog  chamber  "screening"  resultB  - 
vrill  be  conducted  at  the  Federal  Aviation  Agency's  National  Aviation 
Fecili lies  Experimental  Center  (NAFEC),  Atlantic  City,  New  Jersey. 


r  -1 


Ibis  fsgs  Lsft  Intsntlonslly 
•lank 


i'C 


TABIE  OF  CONOENTS 


Page 

ABSTKACT .  Hi 

nraROEUcnoN . i 

imailPTION  OF  THE  FOG  CHAMBER .  7 

UGHTING  USED  IN  TESTS .  U 

THE  EVALUATION  PROGRAM .  I7 

RESUI/PS  OF  THE  EVALUATICW  PROGRAM .  23 

FACTORS  AFFECTING  THE  RESULTS .  45 

CONCLUSK^S .  47 

ACKNOWLEDGMENTS .  40 


LIST  OF  ILTUSBIATIONS 


Figure 

1 

2 

3 

h 

5 

6 

7 

8 


Page 


Exterior  View  of  Fog  Chamtier .  2 

Interior  View  of  Fog  Chamber .  2 

Observers'  Cockpit  at  "Launch"  Platform  ...  3 

Observers'  Cockpit  On  Trial  Run  . .  3 

Daylight  View  of  Lighting  System .  h 

Lighting  Test  Pattern  at  Dusk .  4 

Fog  Being  Generated  .  5 

Tool  Shed  and  Work  Shop  . .  5 


9 

10 

n 

12 

13 

14 

15 

16 

through 

25 


Glide  Path  Diagram,  Cockpit  Cutoffs  8 

Plan  View  of  Runway  Lighting  Pattern  ....  10 

Plan  View  of  Standard  and  Modified  Approach 
Lifting  Systems . .  12 

Vertical  Photcmetric  Distributions  of  Threshold 
Lights . .  lU 

Contrast  vs.  Distance  in  a  Uniform  Fog  of 

1200  feet  Vistoal  Range . 20 

Plan  View  of  Lights  Used  for  Determining 

Visual  Range . 21 

Distribution  of  Day  Observations  by  Background 
Brightness . 24 

Photographs  of  Test  Patterns  Used  in  Day  and  34 

Night  Fog  of  ^'^.00  feet  Visual  Range  through 

43 


Vi 


INTOODUCnON 


HistorlceLl  Information.  In  past  years  the  testing  of  airport 
lighting  systems  to  see  how  effective  they  are  in  act^aal  low  vlsihility 
conditions  has  presented  a  tremendous  problem  to  research  and  development 
engineers.  The  big  trouble  is  that  the  weather  is  never  cooperative  in 
these  endeavors.  Quite  often  an  ideal  low  visibility  fog  will  settle  on 
an  experimental  Installation  of  airport  lighting,  but  it  always  seems  to 
dissipate  by  the  time  the  engineers  and  test  pilots  can  get  their  aircraft 
in  the  air  to  evaluate  the  lighting.  In  other  words,  when  the  experimenters 
are  ready,  the  fog  isn't. 

Finding  but  scant  cooperation  from  Mother  Nature,  a  number  of  experi¬ 
menters  tried  the  technique  of  generating  fog  with  air  and  water  nozzles 
in  a  chamber  in  which  were  placed  various  types  of  miniature  lights. 
Generally,  the  lights  were  vie' Ted  and  s'tudied  through  a  window.  These 
early  experlmen-tal  fog  chambers  were  usually  quite  small,  and  the  B'tudies 
centered  around  automotive  and  marine  lights.  The  University  of  California, 
on  the  other  hand,  had  made  some  preliminary  studies  of  airport  lighting 
in  fog  chambers  of  fairly  substantial  size.  It  was  decided  tu  take 
advantage  of  their  experience  in  this  area,  and  the  present  Contract  ARDS- 
43U  was  the  result.  Using  a  rather  bold  approach,  the  present  FAA  fog 
chamber  was  made  large  enough  to  place  the  experi^nters  and  observers 
inside  vTith  the  lights  and  the  fog.  No  looking  through  -windows.  The 
results  have  been  gratifyingly  realistic. 

Importance  Of  This  Report.  Already  much  \iseful  data  have  been 
obtained  from  the  FAA  fog  chamber  to  verify  patterns  and  spacings  of 
lights  and  to  graphically  demonstrate  the  efficacy  of  runway  markings 
used  in  combination  with  lighting  in  daylight  fog.  This  particular  report 
contains  the  results  of  a  concentra'ted  series  of  -tests  made  in  the  fog 
chamber  to  determine  the  desirable  intensities  and  characteristics  of 
approach,  threshold,  touchdown  zone  and  runway  cen-terline  lights  for  safe 
landing  operations  in  1,200  fec-t  of  vis-ual  range.  In  addition,  the  tests 
sought  to  de-terraine  whether  a  minor  modification  of  the  inner  1,000  feet 
of  the  standard  U.  S.  approach  lighting  pattern  would  be  desirable  for 
Ca-tegory  II  operations. 

In  these  tests  the  standard  3:3:3  pattern  for  the  touchdovm  zone 
lights  was  used,  and  the  runway  cen-fcerline  lights  were  spaced  at  25  feet 
intervals.  No  pattern  variations  were  introduced  to  confuse  the  issue, 
except  for  the  minor  modification  of  the  inner  1000  feet  of  approach 
lighting.  All  test  runs,  of  course,  utilized  approach  lights  to  make  up 
the  integrated  Category  II  lighting  system.  Highly  quelified  pilots  were 
used  as  observers .  Most  were  senior  air  line  captains  -vd-th  years  of 
experience.  The  test  results  are  useful  guides  in  the  design  of  lighting 
systems  for  Category  II  operations. 
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Fig.l  Exterior  view  of  fog  chamber.  The 
building  is  820  ft.  long  by  30  feet  wide. 
The  height  varies  from  30  ft.  high  in  the 
foreground  to  10  ft.  at  the  midpoint. 


Fig. 2  Interior  view  of  fog  chamber  frcm 
threshold  showing  tramway  rails  and  light¬ 
ing  fix+ures.  The  overhead  plastic  panels 
allow  Ifjw  visibility  tests  to  be  conducted 
under  cay  and  night  conditions. 
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as  lighting  system.  with  fog. 


Fig.  7.  Fog  being  generated  through  one  of  the 
or  more  nozzles.  Air  and  water  are  fed  into 
the  nozzle  under  pressure. 
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EESCRIPTION  OF  THE  FOG  CHAMBER 


Under  existing  Contract  ARV6~h3k,  the  University  of  California,  con¬ 
structed  for  the  FAA  an  outsize  fog  chamber  at  their  Richmond  Field  Station 
near  Berkeley,  California.  The  test  work  is  performed  by  the  Institute  of 
Transportation  and  Traffic  Engineering  of  the  University  of  California 
under  the  direction  of  the  Project  Manager  representing  the  Systems  Research 
and  Development  Service,  Federal  Aviation  Agency. 

The  test  facility  consists  of  a  building  30  feet  wide  and  820  feet 
long.  The  height  of  the  building  varies  from  30  ft  at  the  high  end  to  10 
ft  at  a  point  400  ft  from  the  high  end.  The  remainder  of  the  building  is 
level  at  a  height  of  10  ft.  The  upper  portions  of  the  sides  of  the  build¬ 
ing  and  the  roof  are  covered  with  translucent  corrugated  panels.  This 
enables  sufficient  light  to  enter  the  building  for  daytime  fog  studies. 

Fog  is  generated  in  the  building  feeding  compressed  air  and  water 
through  some  100  nozzles.  TJriis  fog  is  in  every  way  comparable  to  natural 
fog.  The  fog  particle  size  can  be  varied  by  varying  the  air  to  water 
pressure  ratio.  The  fog  generating  equipment  has  the  capability  of  pro¬ 
ducing  fog  of  any  desired  density.  A  semiautomatic  control  device  furnished 
by  the  National  Bureau  of  Standards  was  Installed  to  achieve  even  greater 
control  over  the  density  and  homogeneity  of  the  fog.  In  the  cnirrent  tests, 
fog  Was  generated  continuously  during  a  test;  previously  it  had  been 
necessary  to  generate  a  desired  level  of  fog  and  then  conduct  the  test  as 
the  fog  decayed. 

The  floor  of  the  building  is  surfaced  with  asphaltic  concrete.  On  this 
floor  approach  lights  (U,  S.  National  Standard,  but  without  strobe  flashing 
lights)  as  well  as  runway  lights  have  been  installed  to  permit  study  of 
the  complete  approach  and  runway  lighting  system.  The  scale  reduction 
factor  for  all  linear  dimensions  and  approach  speed  is  l/lO. 

The  length  of  the  building  in  which  fog  is  generated  is  800  ft,  that 
being  equivalent  to  8000  ft.  The  approach  liglits  are  80  ft  from  the  high 
end  of  the  building  and  extend  300  ft  to  the  runway  threshold.  In  the 
remaining  420  ft  various  patterns  of  runway  touchdown  zone  and  runway 
centerline  lights  have  been  installed. 

The  sloped  roof  permits  an  observer  to  approach  the  runifay  on  a  2-l/2- 
deg.  glide  path  (Fig.  5).  Steel  rails  arc  attaci^d  to  the  roof  adjacent  to 
the  Bides  of  the  building.  A  tramway  carriage  supported  by  steel  wheels 
and  operated  by  an  electric  motor  rolls  on  the  steel  rails .  Suspended 
from  the  tramway  carriage  is  an  actual  cockpit  frcsa  a  Cessna  aircraft.  The 
cockpit  can  acconnnodate  t'vro  observere  and  an  operator.  It  can  be  moved 
laterally  (an  equivalent  distance  of  l40  ft  each  side  of  the  centerline) 
to  Elmulate  off-centerline  approaches.  The  tramway  carriage  can  be  operated 
at  Bpeed;-.  up  to  15  raph,  which  correspondB  to  an  over-the -threshold  speed 
of  appron^matcly  I30  knots. 
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At  the  high  end  of  the  huilding  the  eye  level  in  the  cockpit  is 
approxljnately  2h  ft  above  the  floor.  At  the  1000-ft  cross  bar,  the  eye 
level  height  is  12.6  ft.  At  the  runway  threshold,  the  eye  level  in  the 
cockpit  is  at  a  height  of  approximately  8.2  ft.  From  the  runway  thresh¬ 
old  to  touchdown,  the  eye  level  descreases  gradually  to  4.4  ft  and  there¬ 
after  remains  level  over  the  runway  at  this  height. 


Fig.  9  -  Fog  chamber  glide  path  and  approximate  visual  cones  for  1200  ft  visual  range 


The  entire  facility  has  been  designed  so  that  the  times  for  perception, 
adaptation,  decision,  and  the  rate  of  change  of  the  field  of  view  are  the 
same  ais  in  an  actual  landing. 

Light-Intensity  and  Fog-Density  Scale  Factors 

In  order  to  be  representative  of  real-life  conditions,  the  illumin¬ 
ation  (at  the  eye)  and  the  average  brightness  in  the  fog  chamber  should  be 
nearly  the  same  as  in  the  field.  ILlvnnination  varies  as  the  square  of  the 
distance  from  point  sources.  Since  the  linear  scale  factor  is  l/lO,  the 
illtnainatlon  must  be  reduced  by  (l/lO)^  or  l/lOO.  Brightness  is  defined 
as  the  Intensity  divided  by  the  projected  area  of  the  light  source.  The 
linear  dimensions  of  the  optical  parts  of  the  light  sources  were  reduced 
by  approximately  l/lO,  therefore  the  reduction  in  areas  is  l/lOO.  If  a 
constant  brightness  is  to  be  maintained,  the  intensity  of  the  light  source 
must  also  be  reduced  by  a  factor  of  l/lOO.  Thus  all  of  the  intensities 
of  the  appi each  and  runway  lights  in  the  fog  chamber  are  l/lOO  of  real- 
life  condii-.ions . 

To  maintain  the  same  light-scattering  effect  in  the  fog  chamber  as 
in  tl,.:i  field,  the  size  of  the  fog  particles  and  the  distribution  of  their 
size  must  be  the  seme.  To  maintain  the  same  attenuation,  ho'wever,  the 
concentration  of  fog  particles  per  volume  has  to  be  increased. 
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The  increase  in  fog  particles  per  xmit  volunie  is  such  that  a  light 
will  attenuate  to  the  same  degree  at  50  feet  in  the  fog  chamber  as  it 
would  at  500  feet  in  real  life .  While  it  was  easy  to  generate  fogs  of 
almost  any  desired  density  in  the  fog  chamber,  there  were  a  number  of 
problems  encountered  in  the  measuring  and  recording  of  desired  visibilities, 
and  relating  such  visibilities  to  real  life  conditions.  These  problems  of 
measuring  light  transmission  through  fog  are  deeilt  with  later  in  this  report. 


Effect  of  Reduction  in  Scale  on  the  Observer 

Everything  has  been  reduced  in  scale  in  the  fog  chamber  except  the 
observer.  He  cannot  be  scaled  down  in  the  same  sense  as  the  dimensions 
and  the  light  Intensities.  But  the  environments  can  seem  real  to  him, 
nevertheless.  By  scaling  all  linear  dimensions  in  the  external  field  by 
1/10,  the  vis'ual  angles  (and  therefore  the  visual  size)  of  all  objects 
remain  the  same  as  in  the  "real"  world.  The  perspective  of  the  central 
field  of  view  is  exactly  the  same  as  in  a  real  landing  or  take-off. 
However,  because  of  the  limited  width  of  the  fog  chamber,  the  peripheral 
field  is  not  a  true  representation  in  those  tests  in  which  the  observer 
can  see  the  sides  and  the  roof  trusses.  Only  in  visimLl  ranges  of  2600 
ft  or  lighter  fog,  in  daytime,  are  the  sides  and  roof  trusses  very 
noticeable.  In  denser  fogs,  neither  the  sides  nor  the  roof  are  seen 
to  any  appreciable  extent. 

The  other  aspect  that  has  not  been  reduced  to  scale  is  the  binocular 
view  of  the  obsejrver  (effect  of  two  eyra,  each  seeing  a  slightly  different 
scene).  For  relatively  long  distances  (lOO  ft  or  more)  the  change  in 
viewing  angles  from  one  eye  to  another  is  relatively  vinin^jortant .  One 
can  make  almost  as  good  distance  judgnents  with  one  eye  as  winh  two. 

The  binocular  cliaes  are  more  important  at  close  range.  But  even  at 
distances  of  10  ft  or  more  the  illusion  created  in  the  fog  chamber  is 
remarkably  good,  even  with  a  non-scaled  binocvilar  vision. 

Attempts  to  Use  Transmis some ter 

Prior  to  this  test  program  attempts  were  made  to  measure  the  densi-ty 
of  the  fog  by  the  same  type  of  transmis some ter  that  is  now  installed  at 
many  airports  in  the  United  States.  The  initial  installation  of  tlte 
transmis some ter  in  the  fog  chamber  has  not  been  satisfactory.  Correlation 
of  measured  values  of  transmission  with  observed  visual  ranges  was  not 
accomplished;  however,  efforts  are  continuing  to  establish  such  a 
correlation.  The  transmis seme ter  measures  the  transmittance  of  the  fog 
along  a  fixed  base  line  and  this  is  used  to  specify  Runtray  Visual  Range 
(RVR).  Due  to  reasons  cited  later  in  this  report,  hxman  obser^vers  were 
uned  in  lieu  of  the  transmiBocmeter  to  deterralne  fog  density  for  the 
test  i)rogreJii  described  in  this  report. 
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LIGHTING  USED  IN  TESTS 


In  setting  the  steige  for  lighting  tests  for  Category  II  landing 
operations  it  vas  necessary  to  hold  the  variations  to  a  reasonable 
1l^^ n-jTiiTw  _  a  ^ll^n^1m»n  that  was  consistent  with  providing  useful,  realistic 
data.  To  do  otherwise  would  mean  embeu:‘klng  on  a  long  series  of  testing 
that  would  probably  miss  the  boat.  TSie  need  for  data  on  Category  II 
lighting  operations  was  urgent  and  could  not  long  be  delayed. 

Lighting  Variations  Used  In  the  Tests.  The  following  combinations 
of  intensities  of  touchdown  zone  lights  and  runway  centerline  lights 
were  selected  for  the  tests: 


Intensity  of 
Touchdown  Zone  Lights, 
100-ft  centers,  cp 


Intensity  of 
Centerline  Lights 
25-ft  centers,  cp 


Daytime  Tests 


7500 

7500 

7500 


500 

1000 

2000 


Nighttime  Tests 


7500 

7500 

4000 

4000 


500 

1000 

500 

1000 


Fixt\ire  Intensities.  In  the  preceding  tables,  the  light  Intensities 
shown  represent  peak  intensities.  A  more  ccsi5)lete  picture  of  the  photo¬ 
metric  distribution  of  the  touchdown  zone  and  runway  centerline  lights  as 
installed  in  the  fog  chamber  is  given  below. 


The  touchdown  zone  lights  used  in  slLI  tests  have  the  following  photo¬ 
metric  characteristics  when  operated  to  give  7500  or  4000  peak  intensity; 

1.  At  least  80^  of  the  peak  cp  within  0  to  6  deg  vertical  and  13  deg 
(total)  horizontal. 

2.  At  least  50^  of  the  peak  cp  within  0  to  7  deg  vertical  and  23  deg 
(toto-l)  horizontal. 

3.  At  least  10^  of  the  peak  cp  within  0  to  12  deg  verticcil  and  28  deg 
(totel)  horizontal. 
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Tae  centerline  lights  used  in  ell  tents  have  the  foUo^ring  photcssetric 
racteriotics  vhen  operated  to  give  2000,  1000  or  500  cp  peak  intensity: 


U.S  STANDAUD  SYSTEM 


Ttrmlitcting 
bar  (rad) 


i... 


Caatarima  bars  on 
100  ft  etniars 
(wtiita) 


- ^ 


1 

Approach  syatamt 
OMtand  to  XOO  ft 
ohaad  of  thrathold 


NEAR  -  THRESHOLD  MODIFICATION 


Nofo:  AJI  dfm0n$ief>t  in  fog  chombor 
aro  ono-^ofiih  of  thmo  sfiown 


Fig.  11  -  Plan  view  of  standard  and  modified  approach  lighting  systems. 
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1.  At  least  80^  of  the  peaJk.  cp  within  0  to  10  deg  vertical  and  30  deg 
(total)  horizontal. 

2.  At  least  50/t  of  the  peak  cp  within  0  to  l4  deg  vertical  and  30  deg 
(total)  horizontal. 

3.  At  least  10^  of  the  peak  cp  within  0  to  l6  deg  vertical  and  30  deg 
(total)  horizontal. 

Choosing  the  7500  and  4000  cp  peak  intensities  for  the  touchdovm 
zone  lights  was  dictated  by  the  fact  that  they  correspond  closely  with 
the  photcmetric  performance  of  fixtures  now  being  installed  under  the 
Federal  Aid  to  Airports  Program.  It  is  sufficiently  close  to  the  output 
from  fixtures  made  in  accordance  with  existing  FAA  specifications  L-838, 
L-843  and  L-845. 

For  the  runway  centerline  lights,  the  5OO  cp  peak  intensity  corres¬ 
ponds  roughly  to  the  output  of  the  FAA  L-842  "panc^e  light  with  a  45- 
watt  quartz  lamp,  which  is  the  fixture  now  being  utilized  for  runway 
centerline  Installations  under  the  FAAP.  The  1000  and  2000  cp  peak 
intensities  were  chosen  for  a  prominent  part  in  the  testing  because  pre¬ 
liminary  investigation  had  given  an  indication  500  cp.  was  not  enough  for 
all  conditions  down  to  1200  ft  Category  II.  In  this  connection,  it  is 
known  that  1000,  2000  and  up  to  7500  cp  peak  intensities  can  be  obtained 
from  a  modified  version  of  fixtures  made  in  accordance  with  FAA  si>ecifl- 
catic.1  L-845.  A  test  installation  using  the  modified  L-845  fixtuires  on  new 
standard  FAA  base  receptacles  has  recently  been  made  on  the  centerline  of 
Runway  13-31  at  NAFEC. 

Approach  Lighting.  Approach  lighting  was  used  for  all  test  runs. 
During  the  latter  part  of  each  test  series  a  minor  modification  was  made 
to  the  standard  U.  S.  system  in  the  inner  1000  ft  to  find  out  if  it 
could  be  made  more  effective  in  Category  II  weather.  This  will  be 
referred  to  throughout  the  report  as  the  "modified  approach  system." 

The  modified  approach  system  differs  from  the  standard  system  in 
that  the  red  terminating  bar  200  ft  from  the  threshold  and  the  red  wing 
bars  100  ft  from  the  threshold  are  removed;  the  red  terminating  bar  is 
replaced  with  a  white  light  barrette  and  an  additional  white  barrette  is 
placed  100  ft  from  the  threshold  in  line  with  the  existing  barrettes. 

Strobe  lights  iiad  not  been  installed  at  the  time  this  test  program  was 
under  'vrey.  The  two  systems  are  shown  in  Fig.  11.  It  was  agreed  that  for 
tests  during  the  day  the  intensity  of  the  approach  lights,  rummy  edge 
lights,  and  threshold  lights  would  remain  the  same  at  step  5  (20,000  cp). 
and  for  te;,  s  at  night  the  intensity  would  be  reduced  to  step  4  (4000  cp) . 

Tlrreshold  Lighting.  Considerable  thought  was  given  to  the  choice  of 
threshold  lights  for  the  tests.  Px'eliminary  investigation  and  previous 
test  e>q5erience  indicated  that  the  originai.  test  threshold  lights  were 
not  adequate  and  should  not  be  used.  The  original  threshold  lights 
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Fis.  12  -  Vertical  pfeotoEaetric  distributions  of  threshold  lights. 


provided  a  mlniraum  of  l8,000  cp  (white  light)  from  1  to  7  degrees  above 
the  horizontal,  diminishing  rapidly  to  l800  cp  at  10  degrees  above 
horizontal.  The  threshold  lights  chosen  as  best  for  this  test  program 
provided  an  approximately  vinlform  Intensity  of  20,000  cp  (white  light) 
up  to  €ui  angle  of  25  deg  from  the  plane  of  the  runway.  Thus  the 
significant  change  that  was  made  in  these  lights  was  the  provision  of 
nearly  the  same  intensity  (."'8,000  to  20,000  cp)  "but  over  a  much  larger 
vertical  angle. 

The  photometric  distributions  for  both  the  original  threshold  lights 
and  the  c\irrent  lights  as  well  as  the  FM  specifications  for  threshold 
lights  are  shown  in  Fig.  12.  Suffice  it  to  say  that  the  original  li^ts 
exceeded  the  FAA  si>ecification  of  l8,000  cp  (white  light)  which  required 
only  from  2  to  4  deg  above  the  plane  of  the  runway. 

The  reason  for  maintaining  a  neeurly  tmiform  high  intensity  over  a 
larger  vertical  euigle  than  before  vas  that  the  pilot  observers  felt  that 
in  1200  ft  visibility  the  threshold  lights  were  inadequate  regardless  of 
the  fact  that  they  exceeded  FM  specifications.  This  Inadequacy  was  in 
part  due  to  the  fact  that  the  vertical  distribution  of  the  light  "beam 
was  too  narrow  emd  the  aiming  was  too  critical.  The  pilot  was  moving 
out  of  the  peak  intensity  region  into  a  rapidly  decreasing  zone  of  candle 
power  as  he  approached  the  threshold.  Hence,  the  observers  were  not 
able  to  see  the  lights  as  well  as  they  should  at  a  distance  of  about  1000 
ft  ahead  of  threshold  which  is  approximately  the  decision  point  for 
Category  II  operations  (100  ft  altitude). 
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THE  EVALUATION  PROGRAM 


The  intensities  of  the  runway  touchdown  zone  and  centerline  lights 
as  well  as  the  modification  of  the  inner  1000  ft  of  approach  lights 
were  evaluated  frcm  (l)  ohservations  by  pilots,  (2)  brightness  measure¬ 
ments,  and  (3)  photographs.  For  each  ccmbinatlon  of  intensities  of  run¬ 
way  touchdown  zone  and  centerline  lights  two  approach  light  systems  were 
used — the  standeurd  and  modified.  The  entire  evaluation  program  was 
conducted  in  1200  ft  of  visual  range. 


Observations  by  Pilots 


Early  in  the  planning  of  the  project  it  was  recognized  that  evaluation 
of  the  lighting  patterns  by  qualified  pilots  was  essential.  Another 
practical  requirement  was  that  the  pilots  be  readily  available  to 
participate  in  the  tests.  Accordingly,  a  lighting  advisory  group  was 
formed  with  the  advice  of  several  major  airlines  serving  the  San  Francisco 
Bay  Area  and  the  local  co\inclls  of  the  Air  Line  Pilots  Association.  About 
half  of  the  group  was  selected  by  the  airlines  eind  half  by  the  councils 
of  the  ALPA. 


Members  of  the  All-Weather  Landing  Committees  of  the  Air  Transport 
Association  of  America,  and  the  Air  Line  Pilots  Association  also  partic¬ 
ipated  in  the  evaluation  as  well  as  representatives  of  the  aircraft 
manxifactTorers  and  the  Flight  Standards  Service  of  the  Federal  Aviation 
Agency . 

After  each  approach  the  observers  cccipleted  a  data  sheet.  A 
total  of  36  pilot  observers  participated  in  the  tests.  For  the  purpose 
of  analysis,  the  questions  were  grouped  into  four  parts:  questions 
concerning  (l)  approach  lights,  (2)  runway  threshold  lights,  (3)  runway 
centerline  lights,  and  (4)  runway  touchdown  zone  lights. 

Each  observer  was  asked  to  evalxiate  each  part  of  the  system  at  the 
following  locations:  1000  ft  ahead  of  threshold,  at  runway  threshold, 
at  touchdown,  and  during  roll-out. 

Photcmetric  Measurements 

A.  Brightness  of  Light  Sources  and  Contrast.  Measurements  were  made 
at  two  locations  aJ.ong  the  glide  path:  (1)  500  ft  ahead  of  the  runway 
threshold  ard  (2)  at  the  runvaj’-  thjreshold,  using  in  both  cases  a 
Pritchard  Spectra  Telephotcmeter  mounted  on  a  turntable  in  the  cockpit. 

At  each  location  average  luminance  measurements  were  made  on  tbs  CTUisfay 
lights  at  distances  of  60O  ft,  900  ft,  and  1200  ft  ahead  of  the  observer. 
Measurements  were  not  made  at  1000  ft  because  the  visual  range  of  1200  ft. 
limited  the  readings  to  lights  in  the  approach  to  the  threshold  region 
vrhich  wore  not  the  primary  subject  for  Investigation. 
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The  measurements  were  made  with  a  6-minute  a35erture  for  600  ft  of 
viewing  distance;  a  U-minute  aperture  for  900  ft  of  viewing  distance, 
emd  a  2-minute  aperture  for  1200  ft  of  viewing  distance. 

A  telephotometer,  rotating  on  the  turntable,  scanned  across  the 
entire  width  of  the  runway  at  a  constant  angular  velocity.  In  this 
manner  a  continuous  distribution  of  brightness  across  the  entire  runway 
was  recorded. 


The  instrument  measures  the  average  light  flux  at  the  photocell 
receiver  within  the  specific  acceptance  of  the  aperture.  The  apertures 
were  Veuried  for  the  different  viewing  distances,  (e.g.,  600  ft,  900  ft, 
and  1200  ft)  in  order  that  the  average  brightness  would  be  over  about 
the  same  projected  area  at  the  light  source  regardless  of  viewing 
distance.  The  measurements  for  all  viewing  distances  yield  an  average 
brightness  in  a  circular  projected  area  of  about  0.21  ft  in  diameter  at 
the  runway . 

B.  How  "Detection  Contrasts'*  Were  Deteimlaed.  It  is  important  to 
know  the  increment  in  light  flux  at  the  pilot's  eye  due  to  a  light  source 
on  the  runway.  The  symbol  J  B  was  chosen  to  denote  the  differences 
between  the  average  peak  brightnesses  and  the  average  brightnesses  at 
one  aperture  diameter  away  from  the  peaks.  Although  this  is  scanevhat 
arbitrary  it  appeeirs  to  be  reasonable  since  the  peaks  are  well  defined  and 
the  critical  differences  in  brightnesses  insofar  as  the  pilot  is  concerned 
are  determined  by  the  brightnesses  Immediately  adjacent  to  the  peaks. 


To  show  the  effect  of  backgroxmd  brightness  it  was  decided  to  ccnpare 
B  with  the  average  brightness  in  the  transverse  section  of  the  runway. 
This  ccn^iariBon  is  in  the  form  of  a  ratio  ^ich  is  called  the  detection 
contrast  C^.  The  expression  for  in  symbolic  form  is  as  follows: 


where  =  detection  contrast 

Bg  =  Maximum  average  brightness  of  the  centerline  or  touchdown 
zone  lights  within  the  specified  aperture  (corresponds 
to  "average  peak  brightnesses"  mentioned  above), 

Bq  =  Average  brightness  one  aperture  diameter  away  from  maximuia 
average  brightness  within  the  specified  aperture, 

B  =  Average  brightness  over  an  area  extending  across  the  run¬ 
way  excltjjding  the  touchdoim  zone,  the  centerline  li^ts, 
and  the  edge  lights  within  the  specified  aperture . 


C.  Using  "Detection  Contrasts”  as  a  Yardstick.  As  mentioned  above, 
the  determination  of  detection  contrasts  may  be  considered  scmewhat 
arbitrary.  Nonetheless  they  provide  the  experimenters  vith  a  useful 
yardstick  in  measuring  the  effectiveness  of  the  lights,  quite  apart  from 
the  subjective  reactions  of  the  subject  pilots  who  made  the  test  runs 
o’/er  the  lights.  It  was,  of  course,  necessary  to  establish  what  contrast 
detection  values  would  be  considered  the  "minimum  perceptible  value"  and 
what  would  be  considered  the  "practical  usable  minimum.  "  As  a  measiire 
of  adequacy,  conditions  were  selected  which  approximate  those  used  by 
the  U.  S.  Weather  Bureau  in  determining  the  meteorological  visibility  as 
follows : 

Daytime:  =  0.0 5  minimum  perceptible  value 

=  0.15  practical  usable  minimum 

Nighttime:  =  0.10  minimum  perceptible  value 

=  0.30  practical  usable  minlmxim 

These  nmbers  are  only  guides.  They  reflect  the  generally  accepted 
idea  that  the  required  contrast  for  well-defined  objects  increases  as 
the  background  brightness  decreases,  but  on  a  nonlinear  basis.  In  a 
fog,  the  scattering  both  increases  the  background  brightness  and  decreases 
the  sharpness  of  the  definition  of  the  object,  therefore  the  brightiKBS 
increment  due  to  the  object  is  not  well  defined.  The  background  brightness 
is  not  well  defined,  especially  at  night,  since  there  are  multiple  light 
sources  in  the  field  of  view  with  large  gradients  surrounding  each  source. 

To  further  complicate  the  problem,  it  should  be  noted  that  while  the 
contrast  required  for  a  given  level  of  certainty  of  detection  at  night 
increases,  the  threshold  for  detection  decreases.  This  can  be  interpreted 
as  meaning  that,  although  the  required  ratio  of  the  incremental  brightness 
to  the  background  increases  at  night,  the  necessary  increment  in  brightness 
decreases.  Thus  one  might  have  a  ^  B  of  l4  footlamberts  for  a  touchdown 
zone  light  in  the  daytime  and  have  the  contrast  at  or  near  the  minimum 
perceptible  value,  whereas  at  night  the  same  measurements  might  yield  a 
^  B  of  4  footlamberts  with  a  contrast  that  is  well  above  the  practical 
useable  minimum.  The  results  of  tests  to  determine  detection  contrasts 
of  the  lights  for  different  test  conditions  are  discussed  later  in  the 
report.  They  are  also  summarized  in  TABIE  3  -  SUMMARY  OF  DETECTION 
CONTRASTS. 

D.  Relation  of  Contrast  to  Visual  Range.  While  on  the  subject  of 
detection  contrasts  it  is  worthwhile  to  point  out  how  the  values  can  be 
affected  by  distance.  This  has  a  further  bearing  on  the  taking  of  photo¬ 
graphs  as  explained  belCT^  In  the  paragraph  labeled  "Photographs . " 


For  a  iiniform  daytime  fog  that  hae  a  visual  range  of  1200  feet 
defined  as  the  distance  that  a  10,000-cp  light  can  he  seen,  the  following 
detection  contrasts  would  he  developed  at  different  distances  (based  upon 
ejqponential  attenuation): 


Available 

Distence 

Contrast 

1500  ft 

O.02I1 

lUOO 

0.030 

below  visiial 

1300 

0.039 

threshold 

1200 

0.050 

barely  visible 

1100 

0.064 

1000 

0.083 

more  visible 

900 

0.105 

800 

TOO 

0.135 

o.it4 

Practical  usable  minimum 

600 

0.223 

500 

O.28T 

readily  visible 

Fig.  13  -  Cosirsct  VD  IKgJssc©  to  a  Uniform  Fog  cJ  1200  ft  Visual  Range. 


E.  Bg-cltgraoxi-d  Brl^^tness.  The  he.ckgro'and  brightness  vas  deteradned 
by  a  photorreter  leer’., ted  at  the  far  end  of  the  fog  chajD.be r  approxixfiatsly 
10  ft  abov.2  the  level  of  the  floor.  The  instrument  -^m-S  pointed  tcnmrd 
the  and  rsenujred  the  brightness  ■^rithin  a  6-degres  cone. 


still  (black  and  white)  photographs  were  taken  at  threshold,  and 
700  ft.  ahead  of  threshold  using  a  cockpit  cutoff  angle  of  15  deg.  The 
TOO  ft.  distance  was  used  instead  of  1000  feet  in  order  to  show  the 
lights  beyond  the  threshold  in  1200  ft.  visual  range.  At  1000  ft. 
the  limitations  of  photography  will  not  permit  the  lights  beyond  the 
threshold  to  show  without  excessive  flaring  of  the  approach  and  threshold 
lights.  The  effect  of  distsmce  on  contras  in  1200  ft.  visual  range 
fog  is  shown  on  the  preceding  cxirve. 

tfeasurement  of  Fog  Density 

Due  to  the  vincertainty  in  transmisscoieter  readings  that  is 'known  to 
exist  in  visibilities  of  1200  ft.  and  lower  and  also  due  to  problems 
arising  from  trying  to  locate  a  transmisscmeter  in  the  fog  chamber,  it 
was  decided  to  use  a  more  meaningful  procedure  for  determining  visibility 
in  lieu  of  a  traiismissometer.  The  runway  edge  lights  at  an  average 
intensity  of  10,000  cp  are  now  \ised  as  a  basis  for  correlating  trans- 
misscsneter  readings  and  Runway  Vistxal  Range.  On  this  basis,  it  was 
arranged  that  human  observers  should  be  used  and  that  the  visibility  should 
be  determined  on  the  basis  of  the  number  of  10,000-cp  sources  that  the 
observers  could  see  both  in  day  and  night  conditions.  Accordingly  a  row 
of  10,000  cp  light  sources  was  placed  along  one  edge  of  the  runway  on 
200-ft.  centers.  The  observers  were  stationed  on  the  opposite  edge  of 
the  runway,  one  at  threshold  and  the  other  approximately  1000  ft.  past 
the  threshold.  When  both  observers  saw  the  same  number  of  lights,  the 
visibility  was  considered  at  proper  test  conditions  (e.g.,  for  1200-ft. 
visibility,  6  lights  had  to  be  seen  by  both  observers) .  It  should  be 
noted  that  in  the  daytime  the  background  brightness  seen  by  the  visual 
range  observers  can  be  diffeirent  than  seen  by  a  pilot  observer.  The 
magnitude  of  the  difference  is  not  known,  but  it  may  have  resulted  in  a 
semewhat  different  visual  range  along  the  glide  slope  than  was  reported 
for  the  run.  The  visibility  Dsasured  in  this  manner  has  been  defined  in 
this  report  as  Visvial  Range  rather  than  Rimway  Visual  Range  since  the 
latter  term  is  associated  with  transmisscineter  neaEurements  in  the  United 
States.  Accordingly,  all  visibility  measurements  in  this  report  are 
given  in  terms  of  Visiial  Range  as  described  above. 
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RESULTS  OF  THE  EVALUATION  PROGRAM 


The  results  of  the  evaluation  program  are  divided  into  three 
categories:  (l)  observation  by  pilots,  (2)  brightness  measxirements , and 
( 3 )  photographs . 

1.  Observation  by  Pilots 

A.  Ground  Rules  and  Terminology.  As  stated  previously,  specific 
questions  vere  asked  of  each  pilot  observer  concerning  the  approach  lights, 
the  threshold  lights  and  the  runway  touchdown  zone  and  runway  centerline 
lights.  The  lighting  was  evaluated  for  one  visibility  condition,  1200  ft 
visual  range  over  a  wide  range  of  daylight  conditions  and  at  night. 

In  Tables  1  and  2,  the  responses  to  the  questions  asked  of  each  pilot 
observer  are  summarized.  Several  of  the  observers  requested  the  opportunity 
to  view  intensities  other  than  those  specified  in  the  test  program.* 

The  nmbers  in  Tables  1  and  2  indicate  the  number  of  observations,  not 
the  number  of  observers .  During  the  daylight  the  results  have  been  grouped 
in  two  categories  of  background  brightness;  (l)  in  excess  of  300  foot- 
lamberts  and  (2)  300  footlamberts  or  less. 

The  observers  were  given  the  opportunily  to  view  each  ccmbination  of 
intensity  of  runway  touchdown  zone  and  centerline  lights  (e.g.,  7500  cp 
and  500  cp,  7500  cp  and  1000  cp,  etc.)  with  both  the  standard  and  modified 
appro8.ch  light  systems.  A  detailed  examination  of  the  answers  to  the 
qxiestions  indicated  that  the  type  of  approach  light  system  had  very 
little  influence  on  the  evaluation  of  the  runway  section  of  the  lighting 
system.  For  this  reason  the  answers  pertaining  to  runway  lighting  have 
been  combined  for  both  approach  liglit  systems. 

In  all  discussion  of  pilot  observations,  the  following  terminology  is 
used: 


about  half  -  about  one -half  the  observers  gave  the  same 
answer 

majority  -  about  two-thirds  gave  the  same  answer 
nearly  all  -  about  90^  gave  the  same  ans>rer 

Ag  mentioned  previously  during  the  daytime  the  background  brightness 
war.  moaGured  during  each  observation.  Fig.  15  shows  the  number  of  observa- 
tioriG  in  e£i.ch  100-f ootlambert  increment  of  background  brightness.  The 


(l)  At  nii-’ht  2000  cp  in  3/ieu  of  1000  cp  for  the  rurniuy  centerline. 

(t)  At  night  Gtep  5  for  the  approach  lights  (20,000  cp)  in  lieu 
ct  step  h  (AOOO  cp) . 


range  of  background  brightness  was  frcm  8  footlamberts  to  17OO  footlamberts 
but  the  majority  of  the  observations  were  conducted  when  the  background 
brightness  varied  from  400  to  8  footlamberts.  The  highest  background 
bri^tness  as  recorded  in  the  fog  chamber  can  be  exceeded  in  field  opera¬ 
ting  conditions.  For  exantple  with  a  relatively  shallow  fog  with  bright 
sunshine  overhead  the  background  brightness  ma^’*  be  on  the  order  of  30OO 
footlamberts . 


3.15  “  Eistribution  of  day  cbcorvctJeas  by  brl£:IjtE 


TABLE  1  -  PILOT  OBSERVATIONS  OF  APPROACH  AND  THRESHOLD  LIGHTS 


25 


B.  Approach  Lights.  During  the  day  in  the  early  afternoon  when 
the  background  brightness  was  greater  than  3CO  footlamberts,  about  half 
of  the  responses  indicated  that  the  approach  lights  were  satisfactory 
from  the  start  of  the  approach  (3>T00  ft  from  threshold)  to  the  1,000-ft 
bar.  During  the  latter  part  of  the  day  (background  brightness  300  foot- 
lamberts  or  less)  the  majority  of  the  responses  indicated  that  the  approach 
lights  were  satisfactory  in  this  portion  of  the  approach.  There  are  many 
comments  by  the  pilot  observers  concerning  the  need  for  including  the 
sequenced  flashing  lights  in  the  approach  light  system.  These  lights 
were  not  available  for  the  tests  diie  to  lack  of  time  to  design^  procure, 
eind  install  suitable  ■units. 

With  regard  to  the  question  of  identifying  the  1000-ft  bar,  nearly 
n1 1  of  the  responses  indica'ted  that  the  1000-ft  bar  was  clearly  identified 
dioring  the  night  and  during  the  day  when  the-- background  brightness  was 
300-footlamberts  or  less.  When  the  background  brightness  was  greater 
than  SOO-footlamberts  the  majority  of  the  responses  indicated  that  the 
1000-ft  bar  was  clearly  identified.  Very  few  responses  were  obtained  at 
very  high  backgroiind  brightness  so  this  condition  could  not  be  extensively 
evalua-ted. 

The  majority  of  the  responses  indicated  that  the  intensity  of  the 
approach  lights  from  the  1000-ft  bar  to  threshold  (Step  20,000  cp  with¬ 
out  sequence  flashers)  was  acceptable  during  the  day.  At  night,  nearly 
all  of  the  responses  indicated  that  intensity  of  the  approach  lights 
(S-tep  4,  4000*  cp)  was  acceptable. 

The  pilot  observers  were  asked  to  indicate  a  preference  for  the  two 
approach  light  systems.  During  the  day  nearly  all  ''.f  the  responses 
indicated  a  preference  for  the  modified  system.  At  iiight  a  majorj-ty  of 
the  responses  indicated  a  preference  for  the  modified  system.  The 
pilots  comments  indicated  that  there  were  mixed  feelings  concerning  the 
need  and  usefulness  of  the  red  'wing  bars  and  red  ■terminating  bar  in  the 
present  approach  light  system. 

C.  Threshold  Lights.  At  the  1000-ft  bar  the  pilots  were  asked  if 
they  co’old  clearly  identify  the  runway  threshold  lights.  Most  of  the 
evaJ.uation  was  conducted  using  green  fil'ters  furnished  by  the  National 
Bureau  of  Standards  (l5‘^>  to  20*^  transmittance).  A  limited  number  of 
evaluations  were  conducted  with  a  white  threshold,  which  was  obtained 
simply  by  removing  the  green  filters,  resulting  in  approximately  a  five¬ 
fold  increase  in  intensity.  Only  about  half  of  the  responses  indica'ted 
that  the  green  threshold  could  be  clearly  identified  during  the  daytime 
when  the  background  brightness  was  greater  than  30C  foo'tlamberts .  A 
majority  of  the  responses  indicated  that  the  green  threshold  could  be 
clearly  identified  during  the  day,  when  background  brightness  is  3^0 
footT. amber ts  or  less  and  at  night. 
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When  the  white  threshold  was  used,  the  ability  to  clearly  identify 
the  threshold  was  slightly  better  than  when  the  green  was  used.  Although 
this  was  the  case  there  were  some  very  strong  reservations  expressed  by 
the  pilots  concerning  the  use  of  white  light  for  marking  the  runway 
threshold.  A  majority  to  nearly  a.n  of  the  responses  indicated  a  pre¬ 
ference  for  the  use  of  a  colored  threshold  in  all  test  conditions. 

D.  Runway  Centerline  Lights.  The  observers  were  asked  to  evaluate 
several  intensities  of  the  runway  centerline  lights  at  three  locations 
along  the  approach  and  landing  as  follows:  at  the  10(X)-ft  bar,  at  runway 
threshold  and  at  touchdown.  In  addition  they  were  asked  if  the  centerline 
lights  provided  sufficient  guidance  during  roll-out  after  touchdown. 

At  the  1000-ft  beir  during  the  day  between  about  half  and  a  majority 
of  the  responses  indicate  that  2000  cp  was  acceptable.  At  night  about 
half  of  the  responses  indicated  that  1000  cp  lights  were  acceptable. 

At  the  runway  threshold,  nearly  all  of  the  responses  indicated  that 
1000  cp  was  acceptable  during  all  test  conditions  in  the  lay  and  at  night. 

At  touchdown,  nearly  all  of  the  responses  indicated  that  1000  cp  was 
acceptable  during  all  test  conditions  in  the  day  and  at  night. 

During  roll-out,  nearly  all  of  the  responses  indicated  that  1000  cp 
was  acceptable  during  all  test  conditions  in  the  day  and  at  night. 

In  general,  for  any  particular  inter-.sity  of  the  centerline  lights, 
the  intensity  became  more  acceptable  as  the  approach  and  landln-  .wu 

toward  tcrachdown  and  roll-out.  Fran  the  1000  ft  bar,  the  higher  intensity 
of  the  centerline  lights  resulted  in  a  greater  acceptability.  However 
closer  to  the  threshold  there  is  less  difference  in  the  acceptability 
between  the  various  Intensity  settings. 

E.  Runway  Touchdown  Zone  Lighting.  The  pilot  observers  were  asked 
to  evaluate  the  intensity  setting  of  the  lunway  touchdown  zone  lighting 
at  three  locations  along  the  approach  and  landing  as  follows:  the  1000 
ft  bar,  the  runway  threshold,  and  at  touchdown. 

At  the  1000-ft  bar,  during  the  day  about  half  of  the  responses  in¬ 
dicated  that  7500  cp  was  acceptable.  During  the  day  about  half  of  the 
responses  indicated  that  the  intensity  of  the  touchdown  zone  lights  was 
"too  Iot"  or  not  even  seen.  At  night  about  half  of  the  responses  indicated 
that  the  UOOO  cp  was  acceptable  while  a  majority  Indicated  that  7500  cp 
was  acceptable . 

At  the  runway  threshold,  during  the  day  nearly  adl  responses  indicated 
that  7500  cp  touchdown  zone  lights  were  acceptable ,  while  at  night  both 
UoOO  cp  and  7500  cp  were  considred  as  acceptable . 
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TABLE  3  -  SUMMARY  OF  DETECTION  CONTRASTS 
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•White  Threshoid, 


At  touchdown  during  the  day  nesirly  all  responses  indicated  that  T500 
cp  touchdown  zone  lights  were  acceptable.  During  the  night  nearly  all 
responses  indicated  that  4000  cp  touchdown  zone  lights  were  acceptable. 
Also  between  a  majority  and  nearly  a-H  responses  at  night  indicated  that 
7500  cp  was  acceptable  (not  faring) .  ” 

2.  Briglitness  Measurements 

The  results  of  measurements  of  detection  contrasts  are  summarized  in 
Table  3*  These  data  include  four  additional  intensities  that  were  not  a 
part  of  the  pilot  evaluation  test  program,  i.e.,  200-cp  and  7500-cp 
centerline  lights  in  the  daytime  and  200-cp  and  2000  cp  centerline  lights 
at  night. 

A.  Rtmway  Centerline  Lights.  Considering  the  daytime  conditions 
first,  the  detection  contrasts  for  500-cp  intensity  runway  centerline 
lights  are  below  the  practical  usable  minimum  value  of  0.15,  expect  for 
distances  of  600  ft  or  less  eihead  of  threshold.  Increasing  the  intensity 
to  2000  cp  provided  much  greater  detection  contrasts  (frcm  four  to  six 
times) .  Increasing  the  intensity  to  7500  cp  shows  further  Improvement  but 
not  in  direct  proportion.  With  2000  cp  the  dete.:tion  contrasts  are  in 
excess  of  the  practiceG.  usable  minimum  value  except  at  distances  of  1200 

ft  ahead  of  the  observer.  It  is  to  be  expected  that  the  detection  contrast 
woxild  be  near  the  minimum  usable  value  at  1200  ft  since  this  is  the 
distance  used  to  establish  the  visual  range.  The  contrast  measurements 
dtiring  the  day  confirm  the  resxilts  of  the  pilot  observations. 

At  night  nearly  all  of  the  detection  contrasts  for  600~ft  and  900-ft 
distances  ediead  of  the  observer  for  the  centerline  lights  were  in  excess 
of  the  practical  usable  minimum  of  O.30.  The  measiirements  taken  at 
1200-ft  distance  show  that  all  of  the  intensities  are  reduced  to  values 
at  or  below  the  practical  usable  minimum  values.  However,  because  the 
contrasts  for  the  1000  cp  intensity  were  so  much  greater  than  for  the 
500-cp  intensity  it  is  easy  to  see  why  the  pilot  preference  was  for  the 
higher  intensity. 

B.  Touchdown  Zone  Lights.  The  detection  contrasts  for  the  touchdown 
zone  lights  during  the  day  and  night  were  always  larger  than  or  near  the 
practical  usable  minimum  to  a  distance  of  1200  ft  ahead  of  the  observation 
point  when  the  intensity  was  7500  cp.  The  detection  contrasts  for  the 
4000-cp  intensity  were  not  measured  in  the  daytime  but  were  at  or  above 
the  practical  usable  minimum  at  night  up  to  1200  ft  ahead  of  the  observa¬ 
tion  point.  These  measurements  also  confirm  the  results  of  pilot  observa¬ 
tions  . 

3.  Photographs 

A.  General.  Notes  on  Photographs.  As  mentioned  previously,  black  and 
white  photographs  were  taken  along  the  glide  path  at  the  runway  threshold 
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and  700  ft  ahead  of  threshold  with  a  cockpit  cutoff  angle  of  15  deg.  The 
photographs  are  shown  in  Figs.  16  to  25  .  During  the  day  the  photographs 
were  taken  when  the  background  brightness  averaged  about  60O  footlamberts 
and  the  veiriation  from  the  average  was  small.  However,  during  the  summer 
when  there  is  bright  sunshine  over  a  relatively  thin  layer  of  fog  the 
background  brightness  can  be  considerably  larger. 

The  photographs  include  three  additional  intensities  of  centerline 
lights  which  were  not  a  part  of  the  pilot  evaluation  test  program.  These 
are  200  cp  and  7500  cp  on  25-ft  centers  during  the  day  and  2000  cp  on 
25-ft  centers  during  the  night. 

In  the  printing  and  reproduction  of  photographs,  attention  has  been 
given  to  portraying  conditions  as  they  appear  when  actually  observed. 

It  should  be  noted,  however,  that  this  objective  is  not  entirely  attain¬ 
able,  and  conclusions  should  not  be  reached  by  examination  of  photographs 
alone .  The  contrasts  in  a  photograph  are  normally  far  less  than  can  be 
obseirved  in  real  life .  Nevertheless  the  foDlowing  comments  may  be 
pertinent . 

B.  Approach  Lights.  As  previously  esqjlained,  the  photographs  were 
taken  700  ft  ahead  of  threshold  and  therefore  cover  only  the  last  few 
barrettes  of  the  approach-light  system.  It  is  clear  from  the  photographs 
why  there  was  a  greater  preference  by  the  observers  for  the  modified 
system  during  the  day  than  at  night.  During  the  day  the  touchdown  zone 
and  centerline  lights  were  not  clearly  identified  at  1000  ft  ahead  of 
threshold  nor  are  they  clearly  identified  in  the  photographs  at  700  ft. 
The  continixation  of  the  white  barrettes  in  the  modified  system  provides 
the  pilot  with  additional  guidance  information  to  the  threshold.  At 
night  one  sees  the  runway  centerline  and  touchdown  zone  lights  more 
clearly  and  hence  the  need  for  additional  guidance  information  in  the 
approach  is  not  as  great. 

0.  Runway  Threshold  Lighting.  During  the  day  the  photographs 
indicate  that  the  green  threshold  lights  are  clearly  identifiable  frem 
700  ft  ahead  of  threshold  and  the  majority  of  the  pilot  observers  in¬ 
dicated  that  the  lights  were  also  clearly  identified  from  1000  ft  when 
the  background  brightness  was  in  excess  of  300  footlamberts. 

During  the  night  the  photographs  indicate  that  the  green  threshold 
lights  are  clearly  Identifiable  700  ft  frem  threshold.  This  tends-  to 
confirm  the  pilot  observations  wherein  the  majorily  of  the  responses 
indicated  that  the  green  threshold  lights  were  adequate  1000  ft.  from 
threshold.  The  photographs  also  show  that  when  the  green  filters  are 
removed  the  increase  in  scattered  light  enlarges  the  halo  effect  and 
therefore  reduces  the  clarity  of  the  runway  touchdown  zone  and  center- 
line  lights  beyond  the  threshold. 
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D.  Runway  Centerline  Lights.  An  examination  of  the  photographs 
during  the  day  tend  to  confirm  the  resxilts  of  the  pilot  observations. 

It  should  be  remembered  that  the  photographs  were  taken  at  TOO  ft  ahead 
of  the  threshold  in  order  to  get  some  of  the  runway  lights  to  show  on 
the  prints  without  excessively  flaring  the  approach  lights.  At  the  1000 
ft  bar  less  than  a  majority  of  the  pilot  responses  indicated  that  2000  cp 
for  the  centerline  was  acceptable.  No  pilot  responses  were  obtained  for 
the  T500-CP  lights.  It  should  be  noted  that  increasing  the  intensity  of 
the  centerline  lights  from  500  cp  to  2000  cp  (four  times)  does  not  appear 
to  appreciably  improve  the  length  of  the  guidance  segment.  A  photograph 
(Fig.  16  )  taken  from  TOO  ft  ahead  of  threshold  is  shown  with  T500-cp 
centerline  lights  which  clearly  indicates  that  very  high  intensities  are 
reqiiired  to  provide  a  clearly  identifiable  centerline  diiring  the  day . 

At  the  runway  threshold  the  daytime  photographs  confirm  the  re  stilts 
of  pilot  observations  and  photometric  measurements  that  1000  cp  provides 
a  cleai'ly  identifiable  centerline  and  that  there  appears  to  be  very  little 
gain  in  visual  range  when  the  intensity  is  increased  from  1000  cp  to 
2000  cp. 


The  photographs  also  clearly  indicate  that  mnway  marking  becomes 
more  Identifiable  at  this  location  on  the  glide  path  than  at  TOO  ft 
ahead  of  threshold. 


At  night  the  photographs  appear  to  Indicate  the+.  the  lOOO-cp  center- 
line  lights  are  clearly  identifiable  from  TOO  ft  ahead  of  threshold.  But 
less  than  a  majority  of  the  pilot  responses  indicated  that  1000  cp  was 
satisfactory  1000  ft  from  threshold.  The  observers  judged  the  adequacy 
of  the  lights  1000  ft  from  threshold  while  the  photographs  were  taken 
TOO  ft  from  threshold.  At  the  runway  threshold  the  photographs  confirm 
the  pilot  observation  and  photcmetric  measurements  that  1000  cp  is 
adequate  for  guidance. 

•p  r-nyty  Touchdown  Zone  Lighting.  The  photographs  frcm  TOO  ft 
aheo^  ’.  Id  tend  to  confirm  the  consensus  of  the  observer 

rsponses  that  during  the  day  T500  cp  was  marginal  at  1000  ft  frcm 
threshold.  The  photographs,  photcmetric  measurements  and  observer 
responses  show  that  the  touchdown  zone  lights  are  more  acceptable  at 
runway  threshold.  During  the  night  it  is  evident  from  the  photographs  at 
TOO  ft  why  nearly  all  of  the  responses  indicated  that  T500  cp  was  adeqviate. 
At  the  runway  threshold  the  photographs  verify  the  pilot  obseirvers  ccmments 
that  either  4000  cp  or  T500  was  acceptable. 

F.  General  Ccmments.  If  the  fog  is  uniform  and  the  visual  range  is 
1200  ft,  the  distance  a  pilot  can  see  at  TOO  ft  frcm  threshold  on  a  2-1/2- 
deg  glide  path  with  a  cockpit  cutoff  angle  of  I5  deg  will  be  a  horizontal 
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distance  of  a  little  less  than  800  ft  along  the  ground  (see  Fig.  9)*  The 
photographs  show  that  at  night  one  can  see  the  lights  for  a  distance  of 
800  ft  or  more  hut  this  is  not  the  case  during  the  day.  This  is  partly 
due  to  the  ;  .mitations  of  photography  and  partly  due  to  the  definition 
of  visual  range.  This  points  up  to  the  desirability  of  relating  the 
amcoint  of  lighting  to  the  visual  range  which  the  pilot  needs  to  see  to 
provide  him  with  adequate  guidance.  In  the  test  program  the  visual 
range  was  measured  by  observers  on  the  ground  counting  the  number  of 
10,000-cp  sources  they  could  see  while  the  pilot  observers  were  viewing 
an  assortment  of  intensities  along  the  glide  path. 
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A.  Touchdown  zone  7500  cp;  centerline  500  cp. 
Standard  approach  system 


B.  Touchdown  zone  7500  cp;  centerline  1000  cp. 
Standard  approach  system. 


Fig.  l6  -  Daytime  tests;  observer  at  TOO  feet  before  threshold 
(approach  and  edge  lights  at  Step  5)* 


A.  Touchdown  zone  7500  cp;  centerline  2000  cp. 
Standard  approach  system. 


B.  Touchdown  zone  7500  cp;  centerline  2000  cp. 

Modified  approach  system. 

Fig.  17  -  Daytime  tests;  observer  at  700  ft  before  threshold 
(approach  and  edge  lights  at  Step  5)* 
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B.  Touchdown  zone  1^00  cp;  centerline  500  cp. 

Fig.  lb  -  Daytime  tests;  ohserver  at  threshold  (approach  and  edge 
lights  at  Step  5) • 
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B.  Touchdovn  zorie  7500  cp;  centerline  2000  cp. 


Fig.  19  ~  Daytime  tests;  observer  at  threshold  (approach  and  edge 
lights  at  Step  5) • 


B.  Touchdown  zone  4000  cp;  centerline  500  cp. 

Modified  approach  Bystem. 

Fig. 20  -  Night  tests;  observer  at  TOO  ft  before  threshold  (approach 

and  edge  lights  at  Step  4). 


A.  Touchdown  zone  4000  cp;  centerline  500  cp. 
Standard  approach  system. 
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A.  Touchdown  zone  7500  cp 


B.  Touchdown  zone  7500  cp;  centerline  1000  cp- 
Standard  approach  system. 


Fig.  21  -  Night  tests;  observer  at  700  ft  before  threshold  (approach 
and  edge  lighrs  at  Step  h) . 
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A.  Touchdown  zone  7500  cp;  centerline  lOGO  cp 
Modified  approach  system. 


B.  Touchdown  zone  7500  cp;  centerline  1000  cp. 

Modified  approach  system  with  white  threshold. 


Fig.  22  -  Night  tests;  observer  at  700  ft  before  threshold  (approach 
and  edge  lights  at  Step  4) . 
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A.  Touchdown  zone  iUX)0  cp;  centerline  500  cp. 


B.  Touchdown  zone  7500  cp;  centerline  1000  cp. 

Fig.  23  -  Night  tests;  observer  at  threshold  (approach  and  edge 
lights  at  Step  4) . 
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A.  Observer  at  700  ft  before  threshold. 
Modified  approach  system. 


B.  Observer  at  threshold. 

Fig.  2h  -  Daytime  tests;  touchdown  zone  7500  cp;  centerline  7500  cp 
(approach  and  edge  lights  at  Step  5)* 
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B.  Centerline  2CXX)  cp. 


Fig.  25-  Night  tests;  observer  at  threshold;  touchdown  zone  7500  cp; 
(approach  and  edge  lights  at  Step  It) . 


Thl*  P*g«  L«£t  Intentionally 
Blank 


FACTORS  AFETECTING  THE  RESULTS 


Some  of  the  factors  that  affect  the  results  and  conclusions  of  the 
tests  have  already  been  mentioned  in  the  preceding  pages  of  this  report. 

A  few  of  these  factors  should  again  be  passed  in  review.  They  are 
important  to  keep  in  mind  when  you  digest  the  next  two  sections  on 
"Conclusions"  and  "Recamnendations". 

Pinning  Down  the  Position  In  Space.  During  the  tests,  the  observers 
were  asked  to  evaluate  the  intensity  of  the  threshold,  touchdown  zone,  and 
centerline  lights  from  two  positions  along  the  glide  path:  1000  ft.  from 
threshold  and  at  threshold.  Since  there  was  no  indicator  available  in 
the  cockpit  to  give  the  pilot  accurate  information  concerning  his  arrival 
at  these  two  positions,  the  best  he  could  do  was  to  judge  the  sitxiation 
for  himself.  This  is  difficult  to  do  with  precision  when  one  is  concen¬ 
trating  on  the  lights.  The  situation  is  more  critical  at  the  1000-ft. 
position  than  it  is  at  threshold.  At  the  instant  the  1000-ft.  bar  of  the 
approach  lights  disappears  from  view  due  to  a  15  deg  cockpit  cutoff 
angle,  the  pilot's  eye  is  about  600  ft.  in  horizontal  distance  ahead  of 
this  bar  and  about  l600  ft.  ahead  of  threshold.  Near  the  tlvreshold  the 
horizontal  distance  is  about  400  ft.  at  the  instant  the  threshold  lights 
disappear  from  view.  While  there  is  no  evidence  that  an  accurate  indica¬ 
tion  of  position  would  ’nave  materially  influenced  the  results,  ;ould 
seem  to  be  a  point  to  keep  in  mind. 

The  Cockpit  Cut-Off  Angle.  Another  factor  which  is  important  is  the 
cockpit  cut-off  angle.  While  the  observers  were  encouraged  to  view  the 
lights  with  a  cutoff  angle  of  15  deg  using  a  reference  in  the  cockpit, 
each  observer  adjusted  his  seat  as  he  saw  fit.  When  the  cut-off  angle  is 
15  deg  and  the  pilot's  eye  height  is  126  ft,  the  horizontal  distance  seen 
on  the  ground  is  about  700  ft;  but  if  the  angle  is  reduced  to  13  deg,  the 
horizontal  distance  is  reduced  to  about  625  ft.  The  point  is  that 
different  seat  adjustments  by  different  pilot  observers  could  change  the 
cockpit  cut-off  angle  and  possibly  affect  the  results. 

Experience  Background  of  Pilot  Observers.  Generally  speaking,  most 
of  the  pilot  observers  who  participated  in  the  tests  were  evaluating  the 
lights  in  a  visibility  which  most  of  them  had  not  experienced  in  real 
life.  In  any  subjective  analysis,  experience  has  an  influence  on  the 
reaction  of  the  observer.  In  addition,  most  of  the  observers  had  not 
flown  in  aircraft  with  devices  for  reducing  pilot  workload  now  being 
planned  by  sane  airlines.  There  is  an  additional  item  worthy  of  note  in 
this  regard:  seme  of  the  pilots  had  not  made  landings  at  airports  with 
touchdown  and  runway'  centerline  lights  for  the  slnple  reason  that  very 
few  airports  are  so  equipjjed  at  present.  The  question  thus  arises  as  to 
whether  or  not  appropriate  operational  experience  in  1200  ft.  visual  range 
conditions  with  the  full  blown  system  would  have  changed  their  answers 
sub  s  tan t ially . 
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The  Problem  of  Measiurlng  the  Fog.  It  may  bear  repreating  that  the 
vlsioal  remge  for  these  tests  vas  not  measured  by  a  transmls  some  ter  but 
by  human  observers  on  the  ground  counting  the  number  of  10,000  cp  light 
sources  they  could  see.  Dug  to  popoible  background  brightness  differences 
for  the  ground  observer  emd  the  pilot  observer,  different  detection 
contrasts  covild  result  with  the  consequence  that  the  visual  range  viewed 
by  a  ground  observer  may  not  be  the  same  as  the  vis\ial  range  viewed  by  the 
pilot  observer.  Sane  of  the  pilot  observers  tried  to  equate  the  1200  ft. 
visual  range  condition  in  the  fog  chamber  with  ifh  mile  visibility  con¬ 
ditions  in  real  life.  Their  general  conclusion  was  that  the  1200  ft 
visual  reuige  condition  used  in  the  Category  II  tests  in  the  fog  chamber 
was  a  denser  fog  than  encountered  at  em  airport  reporting  l/4  mile 
visibility  conditions. 

Background  Brightness  Again.  The  results  of  this  and  previous  test 
programs  confirm  what  has  been  known  for  a  long  time,  that  is,  that  during 
a  day  when  the  background  brightness  is  high,  the  intensity  required  to 
provide  adequate  contrast  is  extremely  high.  The  work  in  the  fog  chamber 
thus  far  clearly  demonstrates  that  background  brightness  has  a  profound 
effect  on  the  nmber  of  lights  that  a  pilot  will  effectively  see.  The 
background  brightness  is  a  parameter  which  must  be  considered  in  the 
design  of  a  lighting  system  if  lighting  is  to  be  used  as  a  visual  aid 
during  ttie  day.  This  brings  forth  the  question  of  "what  is  the  frequency 
of  bright  daylight  fog  at  the  big  jet  airports?"  Also,  where,  exactly, 
is  the  point  of  econonic  no-retiim  in  attempting  to  provide  lights  of 
high  enough  intensities  to  i)enetrate  bright  daylight  fogs.  The  answers 
to  these  qviestions  are,  of  course,  beyond  the  scope  of  this  report. 


CONCLCKIONS 


Based  on  the  test  resiilts  recorded  in  this  report  for  Category  II 
operations  it  appears  that: 

1.  Approach  Lighting:  The  U.  S.  standard  approach  light  system 
does  a  good  job  in  1200  ft.  visual  range  conditions,  but  a  slight 
modification  near  the  threshold  will  improve  it,  i.e.,  continue  the  white 
barrettes  straight  through  to  100  ft.  frcm  threshold. 

2.  T^u-eshold  Lighting.  Presently  tised  threshold  lights  need  to  be 
"beefed  up*'  to  make  their" green  light  output  more  nearly  ccsnparable  in 
coverfiige  and  brightness  to  the  above  ground  approach  lighting  fixtures. 

3-  Runway  Centerline  Lights.  For  daylight  oi)eratlon8  in  1^00  ft. 
visual  range  the  runway  centerline  should  have  a  capability  of  2000  cp, 
and  it  should  be  noted  that  most  of  the  pilot . observers  considered  these 
lights  to  be  a  primary  element  of  guidance  during  landings  in  low 
visibility. 

U.  Touchdown  Zone  Lights.  The  standard  touchdown  zone  lights  of 
approximately  7500  cp  are  acceptable,  although  marginal,  for  bright  day 
fogs  of  1200  ft.  visual  range. 

5-  Runway  Markings.  For  daytime  operations  in  Category  II  weather 
conditions  distinctive  runway  markings  are  eui  lji5)ortant  backiq)  for 
lighting  systems.  This  is  particxilarly  true  in  ground  fog  with  bright 
sunshine  above . 
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